S
INCE THE LATE 1980S ACUTE REPerfusion with fibrinolytic drugs has been the primary treatment in ST-segment elevation myocardial infarction (STEMI). However, primary percutaneous coronary intervention (PCI) is associated with higher rates of reperfusion and lower risks of reocclusion and reinfarction. [1] [2] [3] The initial series of randomized trials comparing primary PCI with in-hospital thrombolytic therapy showed no consistent differences in long-term mortality. 4 However, after additional trials 5, 6 several recent metaanalyses 3, 7 now provide evidence of improved survival. Still it has been questioned whether similar results are achieved in the real-life setting 8 or if prehospital thrombolysis (PHT) given within the first hours after onset of symptoms provides similar results as primary PCI. 9 Therefore we compared the outcomes of primary PCI with PHT and in-hospital thrombolysis (IHT) in STEMI patients admitted between 1999 and 2004 in the Swedish national prospective registry.
METHODS
The Register of Information and Knowledge about Swedish Heart Intensive Care Admissions (RIKS-HIA) registers all patients admitted to 75 of 78 hospitals with coronary care units. The full protocol has been published. 10 (Detailed information is available at http: //www.riks-hia.se.) Survival status of all patients was obtained by merging the RIKS-HIA database with the National Cause of Death Register. Hospital admissions for cardiovascular disease were obtained by merging with the National Patient Register. Reinfarction after discharge was defined as a rehospitalization with a discharge diagnosis including MI. A new MI causing immediate death and no hospitalization was not included in the reinfarction category but was included in the mortality statistics. All patients for whom data were entered into RIKS-HIA were informed of their participation in the registry and the long-term follow-up. According to Swedish law written consent is not necessary. On admission patients receive written information about RIKS-HIA and other quality registries. They have the right to deny participation immediately or have it removed later. Data used for research purposes have had all personal identifiers removed. The study was approved by the ethics committee and the Epidemiological Centre of the Swedish National Board of Health and Welfare.
All patients fulfilling both criteria of ST-segment elevation on the electrocardiogram (ECG) at entry and with acute MI as the final diagnosis were included. ST-elevation was defined as significant ST-segment elevation in at least 2 adjacent leads 12 but was not considered in cases of left-bundle branch block or pacemaker ECG. The criteria for the diagnosis of acute MI were standardized and identical for all participating hospitals using the World Health Organization and Joint European Society of Cardiology/American College of Cardiology Committee criteria. 11, 12 Delay times were calculated from onset of symptoms to initiation of reperfusion therapy, ie, start of intravenous administration of fibrinolytic therapy or when local anesthetics was given to access artery for primary PCI procedure. Data verification was performed by comparing entered data in RIKS-HIA database with the hospital records of 1972 randomly chosen patients at 38 different hospitals with 97% concordance among the 24 covariates included in the Cox regression models.
Prehospital thrombolysis was available at about half of the hospitals in Sweden, and required ECG telemetry by radio-wave to the hospital where the cardiologist on call made the decision whether to start thrombolysis in the ambulance or not. There were never physicians in the ambulances, but at least one of the ambulance staff had to be a fully qualified nurse; protocols have been published elsewhere.
13

Statistical Analysis
Cox proportinal hazard regression analyses were performed to estimate the hazard of mortality in the 3 groups of reperfusion treatment. To compensate for the nonrandomized study design a propensity score for the likelihood of receiving primary PCI was calculated. This score was calculated using 25 variables including: age, sex, history of important diseases (including diabetes mellitus, previous MI, coronary artery revascularization, congestive heart failure, hypertension, peripheral artery disease, stroke, dementia, renal failure, chronic pulmonary disease, cancer within 3 years), medications before study entry (including angiotensin-converting enzyme inhibitors or angiotensin II receptor blockers, anticoagulants, aspirin and/or thienopyridines, ␤-blockers, digitalis, diuretics, lipidlowering drugs, and long-acting nitrates), circulatory arrest on arrival, admission year, in-house catheterization laboratory, age as second-degree polynomial, and access to 24-hour in-house PCI services. All Cox regression analyses were performed with the same first 23 variables as in the propensity score model, the type of hospital (primary, secondary, or tertiary), and the propensity score itself. Killip class was registered on arrival to hospital, and when included in the models, it disfavored PHT where successful therapy in the ambulance could improve or prevent worse Killip class as previously shown.
14 Including Killip class in the models made no difference to the results of primary PCI, so it was excluded.
A sensitivity analysis was performed for patients who survived to hospital discharge in which adjustments were made for propensity to receive primary PCI and for which discharge medications were prescribed.
Analysis of mortality in relation to delay time was performed for the 21 227 patients for whom both the time for onset of symptoms and start of reperfusion were available and whose delay time did not exceed 15 hours. Adjustment for age was performed by the method of direct standardization based on a division of age into tertiles. Mortality rates within each of the 3 treatment strata were thus standardized to reflect an age distribution similar to the one for the 3 groups combined. The same analysis was also performed using the propensity score. A smooth estimate of the relation between the standardized rates and delay times was calculated by the loess method. Furthermore, separate Cox regression models were fitted for the subpopulations: reperfusion treatment before and after 2 hours from symptom onset, respectively. To evaluate if the effects of the treatments were different when initiated before and after 2 hours,an interaction term between treatment and time interval was included in the model. The reason for evaluation of outcome in relation to a dichotomization at 2 hours' delay time was based on the results in the Comparison of Angioplasty and Prehospital Thrombolysis In acute Myocardial infarction (CAPTIM) trial 9 and other studies. 15, 16 Lengths of hospital stay for the 3 reperfusion treatment groups were compared by fitting a Cox regression model including the propensity score. Comparison of in-hospital reinfarction was evaluated by logistic regression analysis including the same variables as that in the mortality model.
Statistical analyses were performed with R version 2.3.1 with survival package 2.28 (R foundation for Statistical Computing; available at http://www .R-project.org) and SPSS software version 14.0 (SPSS Inc, Chicago, Ill). All P values were 2-sided, and a value of Ͻ.05 was considered statistically significant. The proportional hazards assumption was confirmed by studying the mortality curves.
RESULTS
Hospital and Baseline Characteristics
Out of 39 192 STEMI patients of all ages included between 1999 and 2004 in the RIKS-HIA registry 26 205 (66.9%) received reperfusion therapy with a range between centers of 50.5% to 84.0%. Primary PCI was used for 7084 (18.2%; range, 0%-54.5%), PHT was used for 3078 (8.3%; range, 0%-28.6%), and IHT was used for 16 043 (41.3%; range, 13.4%-84.0%). Compared with IHT, patients receiving PHT and primary PCI were younger, were more often men and current smokers, had less often experienced heart failure, were slightly less often taking diuretics, and had a better Killip class (TABLE 1) . Because patients receiving primary PCI were the youngest with more previous coronary intervention, they more often took aspirin, ␤-blocker, and statin on admission than those who received thrombolysis.
Treatments and Development Over the Years
In 1999, 8.3% of STEMI patients underwent primary PCI because, at the time, it was mainly used for patients with cardiogenic shock and large anterior wall infarctions. Use of primary PCI gradually increased to 37.2% in 2004. FIGURE 1 illustrates that as PCI use gradually increased from the years 1999 through 2004, it has been associated with comparative reduction in 1-year mortality, as evaluated by propensity scoreadjusted hazard ratios (HRs).
Median delay times from onset of symptom to the start of IHT treatment was 167 minutes, median delay was 47 minutes shorter for PHT and 43 minutes longer for primary PCI (TABLE 2) . Rescue PCI, indicated in cases for whom thrombolysis had not resulted in ST-resolution and who experienced persistent pain after 60 to 90 minutes after initiation of thrombolytics, was performed 2.5 times more often among those who received PHT. Revascularization within 2 weeks was performed in nearly half of the PHT group and a third of the IHT group. Clopidogrel at discharge was 2.5 to 4 times more commonly used in the primary PCI group than in the 2 thrombolysis groups.
In-Hospital Outcomes
The median hospital stay was 2 days shorter with primary PCI than with IHT and 1 day shorter than with PHT, and these differences remained statistically significant even after adjusting for differences in baseline characteristics (TABLE 3) . Both in-hospital reinfarction and readmission for acute MI within the first year occurred less often among those who underwent primary PCI than those who received IHT. When comparing primary PCI with PHT, the adjusted odds ratio (OR) for in-hospital reinfarction was 0.64 (95% confidence interval [CI], 0.46-0.89) and also readmission for acute MI within the first year was reduced after adjustment: HR, 0.60 (95% CI, 0.50-0.71). There was no significant difference in reinfarctions between the PHT and the IHT groups (Table 3) .
Mortality
The differences in unadjusted mortality during the first year in the 3 treat- CI, 0.69-0.94). There was no significant interaction between treatment delay and the effects of the different treatments on 1-year mortality (interaction P =.17) but a trend concerning 30-day mortality (interaction P=.052). Thus, the observed lack of difference in the HR for mortality between PHT and IHT after 2 hours' delay tended to be supported by the interaction analysis (FIGURE 3, Table 3 ). The continuous relation between delay time and the effects of the different reperfusion treatments on the age standardized 1-year mortality indicated that thrombolysis was associated with a steeper rise in mortality during the first 6 hours after symptom onset compared with primary PCI (FIGURE 4) . During the first 2 hours, there was an approximate 2% absolute difference in mortality, which rose to about 6% to 7% after 6 to 7 hours. Not until after 7 hours' delay did the age-adjusted 1-year mortality for primary PCI reach the same mortality as thrombolysis given within 2 hours (Figure 4 ).
There was a higher proportion of deaths because of ischemic heart disease, 85% vs 82%, and stroke 4.3% vs 1.4% in the thrombolysis groups than the primary PCI group, respectively. There was no difference in deaths caused by noncerebral bleedings, while cancer, 2 % vs 7%, was a more common cause of death among primary PCI patients within 1 year.
In a sensitivity analysis among hospital survivors (n=24 246), primary PCI was associated with a lower risk of death at 1 year than IHT (adjusted HR, 0.82; 95% CI, 0.69-0.97) or PHT (adjusted HR, 0.98; 95% CI, 0.78-1.23) even after accounting for the propensity score for primary PCI and which discharge medications were prescribed.
COMMENT Strengths and Limitations of a Registry Study
The relative efficacies of different treatments, such as reperfusion treatment with primary PCI compared with thrombolysis, is most reliably Abbreviations: ACE, angiotensin-converting enzyme; AR, angiotensin II receptor; ASA, acetylsalicylic acid; CABG, coronary artery bypass graft surgery; PCI, percutaneous coronary intervention. *Absolute numbers and percentage of medications at discharge presented in patients for whom data were available. Discharge medications were missing in between 3.2% and 4.4% of the cases (most often when the patient had died before discharge).
estimated in prospective randomized trials in a selected target population in highly qualified centers. 3, 7 However, the outcome of the disease and the effectiveness of the treatment need to be verified in unselected patient cohorts in real-life health care settings as when all consecutive patients from a whole country are included in current and other RIKS-HIA cohorts. 17, 18 Registry data can also provide estimates on treatment effectiveness when there is a lack of information from randomized trials 10, 19, 20 -in the current study, for example, by comparing PHT and primary PCI. This RIKS-HIA study has the advantages of providing a large unselected population of consecutive patients with STEMI of all ages and managed with all kinds or reperfusion strategies from all hospitals in a single country with a high validity in data and a complete longterm follow-up concerning mortality and morbidity. Therefore, in contrast to most randomized trials and metaanalyses, these registry data can provide information on long-term outcome concerning not only survival and reinfarction but readmission for all types of cardiovascular disease and causes of death.
An observational cohort study cannot provide the same degree of evidence of superiority of a certain treatment as a randomized trial or a meta-analysis of randomized trials 3,7 because variables not included in the analyses might influence both the selection of treatment and the outcome. Thus, despite thorough multivariable propensity analyses, it cannot be excluded that our results from a nonrandomized large cohort were influenced by differences between the groups that could not be adequately adjusted for. It is noteworthy that the present material contained twice as many patients in the primary PCI group (n=7084) and 4 times as many in the IHT group (n=16 043) compared with the most recent meta-analysis of randomized trials comparing these 2 treatments. 7 Furthermore, to our knowledge, our study for the first time was able to properly compare the outcome of primary PCI with PHT because the database contained 7 times as many of these patients as in the only reported randomized trial, 21 and 17 times more than the French registry study. 14 The reliability of the present study was further increased because the choice of reperfusion strategy in many centers mainly was influenced by the available treatment facilities rather than on patient characteristics. 22 
Differences in Materials Between the Registry and Randomized Trials
When comparing the present registry material with randomized trials of primary PCI vs thrombolysis, 7 the patients treated with primary PCI and PHT were 1 to 2 years older and the IHT patients were about 5 years older. There were also more comorbidities and comedications, which may influence both benefits and risks of the tested treatments and their outcomes. 23 Interventional treatments as evaluated among selected centers and experienced operators in randomized trials might not have the same outcome when applied to the full spectrum of health care facilities and performed by less experienced physicians. 24, 25 However, it is noteworthy that the standards of care seemed rather similar in the real-life situation with almost identical treatment delays in this registry material as in the randomized trials. 
Hospital Stay
In the present study, primary PCI was associated with considerably shorter length of stay than thrombolysis, which is consistent with previous randomized trials. 26, 27 Prehospital thrombolysis had shorter hospitalization time than IHT, which might be explained by the more frequent use of early revascularization that seems to shorten hospital stay. 26, 27 However, the present study clearly demonstrated that primary PCI reduced hospital stay compared with PHT.
Reinfarction
The rate of both early and late reinfarction was reduced by primary PCI compared with both types of thrombolysis in close accordance with the results of the randomized trials 2,3,27 and meta-analysis. 7 Primary PCI with stenting combined with intense acutephase antithrombotic treatment and proper long-term platelet inhibition not only restores blood-flow but also maintains long-term patency with full diameter of the vessel and thereby decreases the risk of future reocclusion. 28, 29 This reduction in the rate of reinfarctions will contribute to reduced utilization of health care resources, avoid readmissions, and shorten the period of rehabilitation.
Mortality
The present registry study showed in a real-life setting a 39% relative reduction in 30-day mortality and a 33% reduction in 1-year mortality by primary PCI compared with IHT which is in close accordance with the meta-analysis of the randomized trials. 3, 7 Similar result has also been seen in some 30 although not all registry studies. 8, 31, 32 These results also corroborated the results of other studies 27, 30, 33, 34 and of Danish Trial in Acute Myocardial Infarction 2 5 that primary PCI is associated with a better outcome than thrombolysis at delay times of up to at least 3 to 4 hours.
In accordance with many previous reports, our study showed that the benefits of all types of reperfusion treatment depend on the treatment delay but that the loss in benefit by longer delay is less pronounced and appears later with primary PCI than with thrombolysis. Therefore the relative mortality benefits with primary PCI might amount to approximately 20% during the first hours but increase to 35% after 4 to 7 hours. These time-related finding in this registry trial are very similar to the observations in the meta-analysis of ran- Mortality curves calculated using Cox regression analysis including propensity score for primary PCI.
domized trials. 7 Thus, primary PCI consistently has a lower mortality at comparable delay times and not until after a delay of 6 to 7 hours, the mortality of primary PCI becomes comparable with thrombolysis within the first hours. Also in patients with very short treatment delay, primary PCI was associated with a better survival than the pooled material of PHT-and IHT-treated patients and a similar trend was seen at the direct comparison between subgroups with less than 2 hours' treatment delay.
Our results as well as the metaanalysis 7 is at variance with the French studies, the CAPTIM trial 9 and the USIC 2000 Registry 14 that reperfusion initiated within 2 hours of symptom onset might yield lower mortality with PHT than would primary PCI. However, both results from the French studies might have been influenced by the too low statistical power and the very high rates of rescue and early PCI in the PHT group. 9, 14 Second, the CAPTIM and USIC trials were performed 1997-2000 when the results with primary PCI were less successful as illustrated by the significantly improved outcome with primary PCI over the years (Figure 1 ). Because studies of "facilitated PCI" have shown no advantages, 35 there is currently very little rationale to use fibrinolytic treatment even within the first 2 hours if primary PCI is available within 4 hours of symptom onset. The mortality benefit by primary PCI was also corroborated by the causes of deaths indicating reductions in fatalities because of ischemic heart disease and stroke, whereas there was no difference in causes of death between the groups treated with PHT and IHT. The somewhat higher rate of cancer deaths in the primary PCI group might be explained either by contraindications to thrombolysis in cancer patients because of a raised bleeding risk or by competing causes of death in elderly patients.
CONCLUSIONS
This large registry study with complete long-term follow-up of all unselected consecutive patients from almost all coronary care units in an entire country clearly indicates a superiority of primary PCI for the treatment of STEMI in the real-life setting. Compared with thrombolytic treatment primary PCI reduces short-and long-term mortality and reinfarction rate by 30% to 40%, shortens hospital stay and reduces later need for hospital care. Only at delay times of less than 2 hours, PHT might accomplish a similar mortality as primary PCI, and only at delay times beyond 7 hours By applying propensity score adjustment the decreased number of events in the primary PCI group causes the line to be uneven and less reliable than the age-adjusted. However, the pattern is the same in both figures, indicating improved survival for primary PCI compared with thrombolysis at least with delay times up to 4 hours. The thrombolysis group includes data from both prehospital and in-hospital patients. One-year mortality was plotted at the mid value of each time interval and smooth curves for each therapy calculated by loess method. Outcome of prehospital and in-hospital thrombosis is combined in a single group named "Thrombolysis."
primary PCI is associated with higher mortality than any delay with thrombolysis. Therefore, if available, primary PCI today is the treatment of choice for STEMI. Only if delivered within 2 hours of onset of symptoms in areas with more than 4 hours' transportation time to a PCI procedure, PHT might offer a comparable alternative.
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